. EBV triggers innate immune and inflammatory responses partly through Toll-like receptor (TLR) signaling. Lactoferrin (LF), with its anti-inflammatory properties, is an important component of the innate immune system. We previously reported that LF protects human B lymphocytes from EBV infection by its ability to bind to the EBV receptor CD21, but whether LF can suppress EBV-induced inflammation is unclear. Here, we report that LF reduced synthesis of IL-8 and monocyte chemoattractant protein-1 (MCP-1) induced by EBV in macrophages via its suppression of NF-kB activity. LF interacted with TLR2 and interfered with EBV-triggered TLR2-NF-kB activation. LF inhibited the ability of TLR9 to recognize dsDNA by binding to its co-receptor CD14, which blocked the interaction between CD14 and TLR9. EBV-induced inflammation was thus aggravated in the presence of CD14. In addition, LF expression levels were significantly downregulated in NPC specimens, and correlated inversely with IL-8 and MCP-1 expression. These findings suggest that LF may suppress the EBV-induced inflammatory response through interfering with the activation of TLR2 and TLR9.
Toll-like receptors (TLRs) are key components of the innate immune system and sense certain structural motifs of microbes. 10 Several reports have demonstrated that human TLRs can recognize EBV. 5, 7, 11, 12 Stimulation of human monocytes with either inactivated or infectious EBV virions leads to the release of MCP-1 and to an increase of several cytokine mRNA levels, including IL-8, through the engagement of the cell surface TLR2. 7 More recently, TLR9 was found to contribute to the recognition of EBV DNA in primary monocytes, leading to an increased release of IL-8. 5 Therefore, the inflammatory effect mediated by TLRs during the course of EBV pathogenesis is worthy of investigation.
Lactoferrin (LF; or lacotransferrin) is an iron-binding glycoprotein that is present in most biological fluids including human milk, tears, nasal secretions, saliva, intestinal mucus, and genital secretions. LF is also synthesized and released by mucosal epithelia and neutrophils in response to inflammatory stimuli. Multiple biological functions have been described for LF, including iron homeostasis, antiinflammatory activity, immunomodulation, cancer protection, and antimicrobial activity. [13] [14] [15] Although the cellular and molecular mechanisms accounting for the immunemodulatory effects of LF are far from being fully elucidated, it is now clear that the capacity of LF to influence cytokine production, either negatively or positively, relies, at least in part, on its ability to bind and sequester both lipopolysaccharide and its receptor CD14, as well as CpG DNA, thus preventing the downstream activation of pro-inflammatory pathways. [16] [17] [18] Through the linkage analysis of 18 pedigrees from the Hunan province of South China, we previously revealed that potential susceptibility loci related to NPC are located on chromosome 3p21. 19 Further isolation and identification of a list of new tumor-suppressor genes for NPC from this region were pursued and LF gene is one of the candidates. 20 By means of cDNA microarray analysis, we found that LF mRNA levels were significantly downregulated in NPC tissues and that its expression levels were negatively correlated with the expression levels of inflammatory cytokines, such as IL-8 (unpublished data). More recently, we reported that LF could protect human primary B lymphocytes from EBV infection by binding directly to the EBV receptor CD21 on the B-cell surface. 21 In the present study, we evaluated the role of LF in the EBV-induced inflammatory response in macrophages and demonstrated that LF represses the EBV-induced inflammatory response by interfering with the pattern recognition of TLR2 and TLR9.
MATERIALS AND METHODS Cell Cultures
The human monocytic cell line THP-1 was cultured in RPMI 1640 medium supplemented with 10% fetal bovine serum. Human embryonic kidney (HEK) 293 cells were cultured in Dulbecco's modified Eagle's medium supplemented with 10% fetal bovine serum. To obtain macrophage-like differentiated THP-1 cells (dTHP-1), THP-1 cells were treated with 25 ng/ml phorbol myristate acetate in the medium for 48 h. After the incubation, the phorbol myristate acetate-containing medium was aspirated and adherent differentiated cells were resuspended in fresh medium and incubated for an additional 24 h.
Virus Purification and Viral DNA Isolation Purified EBV was obtained from the productive EBV B-cell lineage B95.8 as described previously. 7 Viral titers were evaluated as described and expressed as transforming units per milliliter. 7 Virus preparations were assayed for EBV genome content by quantitative PCR amplification for the BamHI-W fragment. Viral dsDNA was purified from concentrated EBV-B95.8 suspension with virus DNA extraction kit (Qiagen, Valencia, CA, USA) and the concentration was determined by spectrophotometry (260 nm).
Plasmids
Full-length LF-and TLR2-coding sequences (CDS) entirely lacking the 3 0 -UTR were purchased from GeneCopeia (Rockville, MD, USA) and subcloned into the eukaryotic expression vector pcDNA3.1( þ ) (Clontech, Mountain View, CA, USA). pcDNA3.1( þ )-hCD14 expression vectors were purchased from YRBIO (Changsha, China). PRL-TK and NF-kB luciferase reporter plasmids were purchased from Invitrogen (Carlsbad, CA, USA). To construct deletion LF mutant vector, we deleted the 2-34 amino acids in the N-terminal of LF protein so as to abrogate its ability of interacting with CD14. 17 The LF or CD14 expression vectors were transfected into dTHP-1 cells. Forty-eight hours post transfection, cells were stimulated with infectious EBV, EBV DNA, or CpG-2006.
Cell Treatment and Quantitative Real-Time RT-PCR (qRT-PCR)
Human LF (hLF) proteins and human transferrin (hTF) proteins were obtained from Sigma-Aldrich (St Louis, MO, USA), which are iron free. Chloroquine (CQ), a known inhibitor of endosomal acidification, was also purchased from Sigma-Aldrich. Human-specific type B CpG ODN Oligodeoxynucleotides (ODN) 2006 (5 0 -tcgtcgttttgtcgttttgtcgtt-3 0 ) were resuspended in endotoxin-free water and used as positive control for TLR9 activation at the concentration as described in the literature (lowercase letters are phosphorothioate linkage). The oligonucleotides were synthesized by Sangon Biotech (Shanghai, China). For all hLF treatment, hLF or hTF was added into dTHP-1 cells 1 h before EBV infection or EBV DNA or CpG-2006 stimulation, and the hLF was present during EBV infection or EBV DNA or CpG DNA treatment.
Total RNA from the cells or tissues was isolated using Trizol (Invitrogen), and cDNA was synthesized from 1 mg of total RNA by means of the reverse reaction kit, according to the manufacturer's instructions (Promega, Madison, WI, USA). And then quantitative real-time RT-PCR analysis of IL-8 and MCP-1 was performed in an iQ5 qRT-PCR detection system (Bio-Rad, Hercules, CA, USA 
SiRNA Transfection
The pre-designed siRNAs against LF and CD14 used in this manuscript were purchased from GenePharma (Shanghai, China). The dTHP-1 cells were seeded at 1 Â 10 6 cells per well in a six-well plate. The next day, cells were transfected with 100 nM siRNAs by using Lipofectamine 2000 (Invitrogen) for 6 h. Medium was then replaced, and cells were kept in culture for an additional 42 h before stimulation. 
Confocal Microscopy
To observe the cellular localization of LF and TLR2 proteins, dTHP-1 cells were cultured on coverslips and incubated with hLF (2.5 mg/ml) for 1 h. After 1 h, cells were fixed and then incubated with anti-LF (Santa Cruz Biotechnology, Santa Cruz, CA, USA) and TLR2 antibodies (Epitomics, Burlingame, CA, USA). After washing with PBS, cells were incubated with Alex Flour 488-conjugated anti-mouse IgG (target LF antibody) and Alex Flour 568-conjugated anti-rabbit IgG antibody (target TLR2 antibody) and then observed by confocal microscope (FluoView FV1000 Confocal Microscope, Olympus, Tokyo, Japan). The merged image represents the extent of the colocalization of LF with TLR2 in the cell. The TLR9 activation was determined by observing intracellular trafficking of TLR9 and CD63, which is the late endosome marker (mouse antihuman CD63, clone MEM-259; Biolegend, San Diego, CA, USA) detected by a FITC-conjugated antimouse IgG (Beyotime, Jiangshu, China). TLR9 labeling was done with a rat antihuman TLR9 (clone eB72-1665; eBioscience, San Diego, CA, USA) followed by a Cy5-conjugated antirat IgG (Beyotime). The co-location of TLR9 and CD14 was determined with a rat antihuman TLR9 (eBioscience) and a mouse antihuman CD14 (Santa Cruz Biotechnology), then labeled by a Cy5-conjugated antirat IgG and a FITC-conjugated antimouse IgG.
Immunoblotting
Western blotting was carried out as described previously. 20 Nuclear protein was isolated with nuclear and cytoplasmic Extraction Kit (Thermo Fisher Scientific, Waltham, MA, USA). Antibodies against p65, GAPDH and CD14 were obtained from Santa Cruz Biotechnology.
Co-Immunoprecipitation
To assay the interaction between LF and TLR2 protein, the dTHP-1 cells were incubated with hLF (2.5 mg/ml) at 4 1C for 1 h. The hLF-treated cells were lysed in modified immune precipitation buffer, and insoluble material was removed by centrifugation. Anti-LF antibody (Santa Cruz Biotechnology) or anti-TLR2 antibody (Epitomics) was then added to the lysates, incubated overnight at 4 1C. A respective unrelated IgG antibody was used as immunoprecipitation control. The next day, immune complexes were bound to protein A/Gagarose beads (Merck Calbiochem, Darmstadt, Germany) for 1 h at 4 1C. Immunobeads were washed four times with lysis buffer, and the precipitates were resuspended in SDS sample buffer. The immunoprecipitates were resolved on SDS-PAGE followed by western blot analysis with anti-TLR2 or LF antibodies. The similar processes were performed to prove the interaction of LF and CD14. The antibodies against LF and CD14 used in the experiment were obtained from Epitomics and Santa Cruz Biotechnology, respectively. To evaluate the effect of LF on the ability of binding of TLR9 to CD14, the dTHP-1 cells were treated with hLF (50 mg/ml) or not. Then, the cells were stimulated with EBV DNA (10 mg/ml) or CpG-2006 (10 mg/ml). After 20 min, the cells were lysed in modified immune precipitation buffer and were then precipitated with anti-TLR9 or CD14 antibodies. The 
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Statistical Analysis
Spearman's correlation test was used to evaluate the pairwise association of specimens' LF expression levels and IL-8, MCP-1 levels. Student's t-test is used to compare treatment to controls. Two-way ANOVA is used to compare the difference among three or more experiment groups. Calculations were performed using the SPSS 15.0 statistical software. Po0.05 is considered statistically significant.
RESULTS

LF Inhibits EBV-Induced Upregulation of MCP-1 and IL-8 in Macrophages
TLR engagement following EBV stimulation results in a rapid production of inflammatory cytokines and antiviral mediators, such as MCP-1 and IL-8. LF has inhibitory effects on inflammatory responses triggered by bacterial or viral components, so in this study, we first assessed whether LF may inhibit the synthesis of MCP-1 and IL-8 induced by EBV infection in macrophages. The dTHP-1 were pre-incubated with various concentrations of hLF (0-100 mg/ml) or 100 mg/ml hTF (as control), and then stimulated with EBV virions. As shown in Figure 1a , EBV infection induced a significant upregulation of MCP-1 and IL-8 mRNA and protein expression levels in the macrophages, whereas upregulation was reduced by hLF but not by hTF. EBV infection-induced MCP-1 and IL-8 upregulations were also repressed significantly by transfection of a LF expression vector (Figure 1b) . To further confirm the inhibitory effects of LF on EBVinduced inflammatory responses in macrophages, we used siRNA to inhibit endogenous LF expression (see Figure 1c) , and found that EBV-induced MCP-1 and IL-8 expression were increased by 37% upon LF knockdown (Figure 1d ). These observations suggest that LF may inhibit EBV infection-induced MCP-1 and IL-8 upregulation.
LF Represses TLR2-Dependent NF-jB Activation Induced by EBV Because EBV infection may lead to the release of MCP-1 and IL-8 in an TLR2-NF-kB-dependent manner, 7 we next determined the effect of LF on EBV-induced TLR2-NF-kB activation. The dTHP-1 cells were transfected with LF-expression vector or control vector. Forty-eight hours post transfection, cells were stimulated with infectious EBV. Following stimulation, the expression levels of nuclear NF-kB (p65) protein were determined. Figure 2a showed that EBV infection stimulated nuclear NF-kB expression, whereas LF transfection partially reduced this effect. We then determined the effect of LF and TLR2 transfection on EBV-induced NF-kB activation through a NF-kB luciferase reporter assay. LF, TLR2 expression vector, NF-kB luciferase reporter plasmids were co-transfected into HEK293 cells, followed by stimulation of EBV infection (either 8 or 24 h). As Figure 2b showed, TLR2 transfection increased EBV-induced NF-kB luciferase activity by 86%, whereas LF transfection partly reversed this increase. These results indicate that TLR2 has an important role in EBV-induced NF-kB activation, and LF can repress EBV-induced TLR2-dependent NF-kB activation.
LF Binds to TLR2
Owing to its net positive charge, LF can bind to many types of microorganisms and proteins. 16, 17 We proposed that LF could interact with TLR2 on macrophages, and thus disturb EBV binding to TLR2. In an initial experiment, we used immunofluorescence assay to visualize the location of LF and TLR2. For visualization of LF, hLF was added to the dTHP-1 cells for 1 h and then washed away. LF and TLR2 were observed to colocalize on the cell surface and cytoplasm at a certain extent (Figure 3a) . We then performed co-immunoprecipitation experiments to evaluate these two proteins' binding ability. hLF was added to the cells for 1 h and then washed away, then cell lysates were immunoprecipitated with either anti-TLR2 or anti-LF antibody. Figure 3b showed that LF can bind to TLR2 protein. This observation implies that the inhibitory effect of LF on EBV-induced NF-kB activation may be due to its interaction with TLR2 of macrophages.
LF Suppresses the Activation of TLR9 followed by EBV DNA Stimulation TLR9 is a receptor for nucleic acid-containing unmethylated CpG motifs, which is present in both bacterial and viral DNA. EBV DNA activates TLR9, thus leading to the release of IL-8 by monocytes. 5 As we have observed that LF could suppress the production of IL-8, we investigated whether LF has an inhibitory role in the EBV DNA-TLR9-IL-8 pathway.
To address this question, the dTHP-1 cells were stimulated with EBV DNA following pretreatment with LF or CQ (a known inhibitor of TLR9 activation), 5 and then the expression levels of IL-8 were determined. CpG-2006 ODN is a potent TLR9 activator that induces cytokine secretion 22 
CD14 is Involved in EBV or EBV DNA-Induced IL-8 Expression in Macrophages
TLRs require additional proteins to be activated by their respective ligands. CD14 has been recently reported as necessary for TLR7-and TLR9-dependent induction of proinflammatory cytokines. CD14 can function as the co-receptor of TLR9, and promote its activation induced by viral DNA. 23 Here, we investigated whether CD14 was implicated in EBV-induced cytokine secretion. The dTHP-1 cells were transfected with CD14 expression vector, followed by EBV infection or CpG-2006 stimulation, and then the expression levels of IL-8 were determined. EBV-or CpG-2006-induced IL-8 upregulation was enhanced by CD14 transfection (Figure 5a ). We then used CD14-targeting siR-NA to suppress CD14 expression (Figure 5b) , and found that knockdown of endogenous CD14 can abolish the IL-8 induction upon EBV or CpG2006 stimulation (Figure 5c ). To evaluate the contribution of CD14 to the TLR9-dependent production of IL-8, dTHP-1 cells transfected with the CD14 expression vector were stimulated with EBV DNA, and IL-8 expression and secretion were determined. We observed that CD14 enhanced EBV-DNA-induced IL-8 upregulation and secretion ( Figure 5d ). As a control, CQ (an inhibitor of TLR9 activation) totally reversed IL-8 induction under the same situation (Figure 5d ). These results demonstrate that CD14 is essential for EBV or EBV DNA-induced release of IL-8 by macrophages.
LF Negatively Regulates TLR9 Pathway through Binding and Inhibiting CD14
LF inhibits inflammatory cytokine secretion induced by CD14-lipopolysaccharide complex through its interaction with CD14. 16, 17 As the co-receptor of TLR9, CD14 may increase the production of IL-8 induced by EBV DNA. Therefore, we considered that the interaction between LF and CD14 17 may be involved in the inhibition of EBV-DNAinduced IL-8 production by LF. First, we took advantage of co-immunoprecipitation assays to confirm binding of LF and CD14. Then, hLF was added to the dTHP-1 cells and lysates were immunoprecipitated with either anti-CD14 or anti-LF antibody. Figure 6a showed that LF can bind to CD14 protein. The dTHP-1 cells were co-transfected with LF and CD14 expression vectors, followed by EBV DNA stimulation, and then IL-8 expression levels were determined. LF suppressed the CD14 promotion of EBV-DNA-induced IL-8 upregulation ( Figure 6b ). We also found that hLF pretreatment led to a partial repression of CD14-enhanced IL-8 upregulation induced by EBV DNA stimulation (Figure 6c ). To confirm that the inhibitory effect of LF is dependent on the binding of LF and CD14, we constructed a deletion mutant of LF, which cannot bind to CD14. The LF expression vector or LF mutant vector was transfected into the cells with CD14 expression vector, followed by EBV DNA treatment. We observed that LF partially inhibited the effects of CD14 on IL-8 induction, whereas the LF deletion mutant did not have this ability Lactoferrin suppresses EBV-induced inflammation Y Zheng et al Figure 6 For caption please refer page 1195.
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results indicate that LF may negatively regulate TLR9 activation through binding to its co-receptor, CD14, and interfering with the TLR9-CD14 interaction.
LF Expression levels Correlated Inversely with MCP-1 and IL-8 Expression in NPC Tissues
Inflammation is an important factor for tumorgenesis, and inflammatory cytokines IL-8 and MCP-1 have important roles in NPC. Our previous studies showed that LF is a tumor-suppressor gene for NPC, which is downregulated in NPC tissue. We speculated that the inhibitory effects of LF on the secretion of IL-8 and MCP-1 may be an important mechanism for its tumor-suppressing function. Therefore, we used qRT-PCR to assay LF, IL-8, and MCP-1 expression levels in NPC tissues (n ¼ 18) or non-tumor nasopharyngeal epithelial tissues (n ¼ 8) to define the anti-inflammatory roles of LF in the tumorgenesis of NPC. LF mRNA expression levels were significantly downregulated in NPC tissues compared with non-tumor tissues, whereas IL-8 and MCP-1 were increased in NPC tissues ( Figure 7 ). Spearman's correlation test was used to evaluate the pairwise association of the samples' LF and IL-8 or MCP-1 levels. The pairwise associations between LF levels and IL-8 (Spearman correlation coefficient r ¼ À 0.541, P ¼ 0.004) or MCP-1 (Spearman correlation coefficient r ¼ À 0.577, P ¼ 0.002) are shown in Table 2 .
Our findings demonstrate that LF has properties consistent with anti-inflammation function. Ability of LF to reduce IL-8 and MCP-1 expression induced by EBV infection may be dependent on interfering with the pattern recognition of TLR2 and TLR9. DISCUSSION A wide range of functions has now been described for LF, including iron homeostasis, anti-microbial activity, antiinflammatory activity, and against protection cancer. 13-15 LF displays anti-tumor and anti-metastatic activity in different types of cancer. 24 We previously observed a notable reduction of LF in NPC tissues and identified it as a candidate tumor suppressor for NPC. Our subsequent studies showed that LF inhibits NPC cell proliferation, induces cell cycle G 1 /S arrest, modulating MAPK signaling pathway, and cyclin D1-related proteins, 20 and inhibits NPC metastasis by suppressing AKT activity. 25 EBV is widespread in human populations, and EBV infection has been linked to the tumorigenesis of multiple cancers including NPC. 1 One important consequence of EBV infection is malignant transformation of epithelial cells, promoted by EBV-encoded protein and microRNAs. [26] [27] [28] [29] Another is EBV-induced inflammatory cytokines in the tumor microenvironment, resulting in angiogenesis and metastasis. 8 As a key component of innate immunity, LF has vital roles in host defense against infection and excessive inflammation. We recently reported that LF protects both Correlation is significant at the 0.05 level (two-tailed).
Lactoferrin suppresses EBV-induced inflammation Y Zheng et al primary B cells and epithelial cells from EBV infection and its protective role may be one of its activities as a tumor suppressor in NPC. 21 However, besides its role in preventing EBV infection, does LF also have anti-inflammatory activity against the EBV-induced inflammatory responses? It has been widely reported that LF has inhibitory effects on inflammatory responses. 16, 18 In the present study, we first found that LF can inhibit EBV-induced IL-8 and MCP-1 expression in macrophages. Further, by means of qRT-PCR, we found that LF mRNA is absent or downregulated in most NPC tissues and its expression levels are negatively correlated with IL-8 or MCP-1 levels. The chemokine IL-8, initially identified as a neutrophil-activating and chemotactic factor, has multiple roles as a proinflammatory cytokine by mediating the activation and chemotaxis of various immune cell types, and leads to chronic inflammatory conditions if aberrantly expressed. 30, 31 Many types of human tumors, including breast, colon, cervical, gastric, lung, and ovarian cancers, express high levels of IL-8 relative to normal tissues. 32 IL-8 participates in tumorigenesis by promoting the proliferation, survival, and migration of tumor cells, and recruiting neutrophils to the site of the tumor. 32 MCP-1, also known as chemokine (C-C motif) ligand 2 (CCL2), is a highly potent chemoattractant of monocytes/macrophages to sites of inflammation as well as tumor sites. 33 Multiple human tumors have also been showed to express high levels of MCP-1, [34] [35] [36] and MCP-1 could promote tumor progression and metastasis as well. [37] [38] [39] The immune cells, such as monocytes/macrophages and dendritic cells, are important constitutes for the microenvironment. 10 These cells rapidly recognize a wide variety of molecules expressed by pathogens, such as EBV. Several TLRs, including TLR2, TLR3, and TLR9, participate in recognition of EBV by monocytes/macrophages and dendritic cells. 5, 7, 11, 12 Gaudreault et al 7 revealed that stimulation of monocytes with EBV virions leads to the release of MCP-1 and IL-8 through the activation of TLR2. 7 TLR2 recognizes glycoproteins of the viral envelope, resulting in the activation of NF-kB signaling and production of these inflammatory cytokines. 7 LF is a glycoprotein with a large net positive charge, which enables it to bind to numerous molecules. Our previous study demonstrated that LF could perturb the binding of EBV to its receptor CD21 on the B-cell surface. 21 Here, we speculated that LF could bind to TLR2, subsequently weakening the recognition ability of TLR2 to EBV virions and suppressing the activation of TLR2. Confocal microscopy and the co-immunoprecipitation assay indicated that LF can interact with TLR2. We also used luciferase reporter assays to demonstrate that LF does repress NF-kB activation. These findings suggest that LF is likely to interfere with EBV binding to TLR2 and to prevent the activation of TLR2 signaling.
Besides the recognition of EBV virions by cell surface TLR2, a second TLR, TLR9, may contribute to the secretion of inflammatory cytokine IL-8 by monocytes, through recognition of viral DNA. 5 We observed that LF could repress the EBV-DNA-induced IL-8 expression in macrophages, which implies that LF might interfere with the engagement and activation of TLR9. Confocal microscopy experiments showed that LF pretreatment represses the redistribution of TLR9 in late vesicles, which indicates that LF could inhibit the activation of TLR9. Recently, CD14 was reported to be indispensable for TLR9-dependent induction of proinflammatory cytokines by viruses. 23 In an attempt to evaluate whether CD14 is involved in TLR9 activation by EBV, we observed that CD14 seems to be indispensable for EBV-mediated TLR9 activation. In fact, induction of IL-8 expression by both EBV virions and EBV-DNA stimulation in macrophages was enhanced after transfection of the CD14 plasmid, whereas the induction is abolished by CD14 knockdown. LF is well known to be a potential antiinflammatory molecule for its ability of binding to CD14 and inhibiting endotoxin-mediated inflammatory response. 17 We therefore proposed that the interaction of LF and CD14 is linked to the inhibitory effect of LF on EBV-DNA-induced TLR9 activation. Our results showed that LF binds to CD14, and partially inhibits the effects of CD14 on promoting EBV DNA-induced inflammation as well as IL-8 upregulation and secretion, whereas deletion mutant of LF, which cannot bind to CD14, does not have this ability. We further confirmed that LF inhibits the TLR9 activation by means of interfering CD14 binding to TLR9, which will inhibit the ability of TLR9 recognizing EBV DNA. Therefore, the ability of LF to interfere with binding of CD14 and TLR9 may account for its inhibitory effects on EBV DNA-induced and TLR9-dependent inflammatory response.
As a key protein of innate immunity system, LF exhibits inhibitory roles against a wide variety of viruses. We first report that LF can prevent from EBV infection, and also inhibit EBV-induced inflammation. LF's ability of inhibiting EBV infection is linked to its surface positive charge, which enables it to bind to many macromolecules. As LF shows inhibitory potential in EBV infection, LF may be applied in preventative medicine or nutrition supplies for EBV infection-related diseases.
